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RESEARCH  MEMORANDUM 

EXPERIMENTAL  TRANSONIC  FLUTTER  CHARACTERISTICS  OF  AN 
UNTAPERED,  45°  SWEPTBACK,  ASPECT-RATIO-4  WING 
By  Charles  L.  Ruhlin 


SUMMARY 


The  flutter  characteristics  of  an  untapered,  45°  sweptback,  aspect- 
ratio-4  vlng  were  experimentally  determined  at  Mach  numbers  from  0.85 
to  1.54.  The  results  of  this  investigation  were  included  in  NACA 
RM  L55E19&  and  are  repeated  herein  along  with  additional  information  on 
the  models,  the  tests,  and  the  results  of  the  flutter  calculations.  A 
comparison  has  been  made  of  the  present  results  with  those  obtained  in 
a  previous  investigation  (NACA  RM  L 55113a )  of  a  wing  having  a  taper  ratio 
of  0.6  and  the  same  sweep  and  aspect  ratio  as  the  present  plan  form. 

This  comparison  indicated  that  at  subsonic  Mach  numbers  the  change  in 
taper  ratio  had  little  effect  on  the  flutter-Bpeed  ratios  (ratios  of 
experimental  to  calculated  flutter  speed) ,  whereas  at  supersonic  Mach 
numbers  the  untapered  wing  had  lower  flutter-speed  ratios. 


INTRODUCTION 


The  transonic  flutter  characteristics  of  a  series  of  thin,  cantilever 
wings  having  systematically  varied  plan  forms  have  been  presented  in 
reference  1.  Each  wing  plan  form  of  reference  1  had  a  taper  ratio  of  0.6} 
plan  forms  having  aspect  ratios  of  4  had  sweepback  angles  of  0°,  50°, 

4 5° ,  52^  ,  and  60°,  and  plan  forms  having  aspect  ratios  of  2.4  and  6.4 
had  sweepback  angles  of  45°. 

In  the  present  flutter  investigation,  which  covered  a  Mach  number 
range  from  0.85  to  1.34,  the  plan-form  variations  of  reference  1  was 
extended  to  a  wing  having  a  taper  ratio  of  1.0,  a  sweepback  angle  of  45°, 
and  an  aspect  ratio  of  4.  The  results  of  this  investigation  were  included 
in  reference  2,  and  are  repeated  herein  along  with  additional  information 
on  the  models,  the  tests,  and  the  results  of  the  flutter  calculations. 

A  comparison  is  made  herein  of  the  present  results  with  those  obtained 
in  reference  1  for  a  wing  having  a  taper  ratio  of  0.6  and  the  same  sweep 
and  aspect  ratio  as  the  present  plan  form. 
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SYMBOLS 


distance,  in  wing  semichords,  from  midchord  to  elastic-axis 
position,  measured  perpendicular  to  quarter-chord  line; 
positive  for  elastic  axis  behind  midchord 

aspect  ratio  of  full-span  wing  including  "body  intercept, 

( Span) 2 
Area 

aspect  ratio  of  exposed  panel  of  semispan  wing, 

(Exposed  span) £ 

Exposed  area 

half -chord  of  wing  measured  perpendicular  to  quarter-chord 
line,  ft 

bending  stiffness,  lb-in. 2 

first  bending  natural  frequency,  cps 

second  bending  natural  frequency,  cps 

first  torsional  natural  frequency,  cps 

uncoupled  first  torsion  frequency,  cps. 


structural  damping  coefficient  in  first  bending  mode 
torsional  stiffness,  lb-in.2 

mass  moment  of  inertia  of  wing  about  elastic  axis  per  unit 
length,  8lug-ft2/ft 

length  of  wing  panel  outside  of  fuselage  (exposed  wing  panel) 
measured  along  quarter -chord  line,  ft 

mass  of  wing  per  unit  length,  slugs /ft 
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Mach  number  at  flutter 

dynamic  pressure  at  flutter,  lb/sq  ft 

nondimens ional  radius  of  gyration  of  wing  about  elastic  axis 


experimental  flutter  speed  taken  parallel  to  air  stream,  ft/sec 
reference  flutter  speed  taken  parallel  to  air  stream,  ft/sec 
nondimensional  flutter-speed  ratio 

distance  of  center  of  gravity  behind  leading  edge  measured 
perpendicular  to  quarter-chord  line,  percent  chord 

distance  of  elastic  axis  behind  leading  edge  measured  perpen¬ 
dicular  to  quarter-chord  line,  percent  chord 


distance,  in  wing  semichords,  from  wing  elastic-axis  position 
to  wing  center  of  gravity,  measured  perpendicular  to  quarter - 
chord  line;  positive  for  center  of  gravity  behind  elastic 
axis 


nondimensional  coordinate  along  quarter-chord  line,  fraction 
of  length  l 

..  Chord  at  tip  measured  streamwise 
taper  ratio,  - Ch0rd  in  pW  Df  symmetry - 

angle  of  sweepback  of  wing  quarter-chord  line,  deg 

m  \ 


wing-mass-density  ratio  at  flutter 


jtpeb2y 


density  of  the  air  at  flutter,  slugs/cu  ft 
angular  experimental  flutter  frequency,  radians/sec 
angular  reference  flutter  frequency,  radians/sec 
angular  uncoupled  torsional  frequency,  radians/sec 
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MODELS 


The  wing  plan  form  investigated  had  a  taper  ratio  of  1.0,  45°  of 
sweepback,  and  an  aspect  ratio  of  4.  The  wing  had  a  65A004  airfoil 
section  measured  in  a  streamwise  direction.  Three  semispan  wing  models, 
designated  as  wings  1,  2,  and  3,  were  used  in  the  tests.  A  sketch  and  a 
photograph  of  a  model  wing  are  shown  in  figures  1  and  2.  The  wings  were 
constructed  of  2024-T  (formerly  24ST)  aluminum  alloy.  In  the  exposed 
panel  of  each  wing,  a  pattern  of  holes  was  drilled  normal  to  the  chord 
plane.  The  holes  were  filled  with  a  polysulfide  rubber  compound,  the 
outer  surface  of  which  was  made  flush  with  the  remaining  metal.  The 
hole  sizes  were  selected  by  the  use  of  reference  3  to  give  a  stiffness 
that  would  allow  the  wings  to  flutter  within  the  dynamic -pres sure  range 
of  the  test  facility.  Three  odd-sized  holes  located  near  the  midspan 
(fig.  l)  were  drilled  for  use  in  a  later  investigation.  Strain  gages 
(fig.  2) ,  used  to  indicate  the  occurrence  of  flutter  and  to  measure  the 
flutter  frequency,  were  externally  mounted  on  the  top  and  bottom  surfaces 
near  the  wing  root. 

The  geometric  and  measured  physical  properties  of  the  model  wings 
are  presented  in  tables  I  and  II.  The  nodal  lines  associated  with  the 
second  and  third  bending  and  first  torsional  natural  modes  of  vibration 
of  a  typical  model  wing  are  shown  in  figure  3.  Shown  also  in  figure  3 
is  the  location  of  the  elastic  axis  determined  with  the  wing  clamped 
along  a  line  perpendicular  to  the  leading  edge  and  passing  through  the 
intersection  of  the  wing  trailing  edge  and  rbot.  Though  the  torsional- 
and  bending-stiffness  distributions  of  the  tested  wings  were  not 
obtained,  the  results  of  stiffness  measurements  of  three  similarly  con¬ 
structed  wings  are  shown  in  figure  4. 


TEST  APPARATUS  AND  TECHNIQUE 


The  experimental  results  were  obtained  from  tests  conducted  in  the 
Langley  transonic  blowdown  tunnel.  The  tunnel  has  a  slotted,  octagonal 
test  section  which  measures  approximately  2 6  inches  between  flats.  At 
any  predetermined  Mach  number  up  to  about  1.45,  a  stagnation  pressure  of 
up  to  75  pounds  per  square  inch  may  be  obtained  in  the  test  section. 

This  tunnel  is  particularly  useful  for  flutter  investigations  in  that  a 
constant  Mach  number  may  be  maintained  in  the  test  section  while  the 
stagnation  pressure,  and  therefore  the  air  density,  is  varied.  However, 
it  should  be  noted  that  the  Mach  number  does  not  uniquely  define  the 
velocity  in  the  test  section  since  during  the  operation  of  the  tunnel, 
as  air  in  the  reservoir  is  expended,  the  stagnation  temperature  constantly 
decreases. 
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Although  semispan  wings  were  used  exclusively  in  the  present  tests, 
the  results  of  reference  1  indicate  that  the  experimental  flutter  data 
obtained  with  semispan  wings  are  in  agreement  with  those  obtained  using 
full-span  wings. 

For  each  run  (defined  as  one  operation  of  the  tunnel  from  valve 
opening  to  valve  closing) ,  the  wing  was  clamped  horizontally  at  0°  angle 
of  attack  to  a  3-inch-diameter  fuselage -sting  located  along  the  center 
line  of  the  tunnel  (fig.  l) .  To  avoid  the  formation  of  bow  shock  waves 
in  the  tunnel,  the  sting  extended  upstream  into  the  subsonic  flow  region 
of  the  tunnel.  The  sting  had  a  fundamental  frequency  of  about  15  cycles 
per  second. 

During  each  run,  the  output  of  the  wing  strain  gages,  the  test 
section  stagnation  temperature ,  and  the  test  section  stagnation  and 
static  pressures  were  continuously  recorded  by  means  of  a  recording 
oscillograph.  Models  used  in  more  than  one  run  were  checked  for  struc¬ 
tural  damage  by  visual  inspection  and  by  comparing  natural  frequencies 
of  the  model  obtained  before  and  after  each  run. 

A  more  complete  description  of  the  tunnel,  the  test  procedure,  and 
the  instrumentation  are  given  in  reference  1. 


METHOD  OF  ANALYSIS 


In  the  presentation  of  the  results  each  experimental  flutter  speed 
has  been  divided  by  a  calculated  or  reference  flutter  speed.  The 
flutter-speed  ratio  so  formed  is  used  in  an  effort  to  separate  the 
effects  of  plan  form  and  Mach  number  variations  from  the  effects  of 
variations  in  the  other  test  and  model  parameters.  The  method  of  calcu¬ 
lating  the  reference  flutter  speed  was  the  same  as  that  used  in  refer¬ 
ence  1  and  was  based  on  the  method  of  reference  4.  Briefly,  the  method 
consists  of  a  Rayleigh  type  analysis  in  which  two-dimensional,  incom¬ 
pressible  aerodynamic  coefficients  are  employed  and  the  flutter-mode 
shape  is  represented  by  a  superposition  of  the  uncoupled,  vibrational¬ 
mode  shapes  of  a  uniform,  cantilever  beam.  In  the  present  calculations, 
the  first  and  second  bending  and  first  torsional  uncoupled  mode  shapes 
of  a  uniform,  cantilever  beam  were  used.  The  natural  torsional  frequen¬ 
cies  were  uncoupled  for  use  in  the  analysis  by  employment  of  the  formula 
given  in  the  list  of  symbols.  The  natural  bending  frequencies  were  used 
as  the  uncoupled  values. 
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RESULTS  AND  DISCUSSION 
General  Comments 


The  flutter  obtained  with  the  wings  of  the  present  investigation 
was  of  the  bending- torsion  type,  and  the  flutter  usually  occurred  with 
a  sudden  buildup  from  random  oscillations.  However,  during  two  runs, 
both  at  supersonic  speeds,  a  period  of  doubtful  flutter  characterized 
by  intermittent  sinusoidal  oscillations  of  the  wing  preceded  definite 
flutter.  These  periods  of  doubtful  flutter  are  defined  (as  in  ref.  l) 
as  low  damping  regions. 


Presentation  of  the  Results 

Results  of  the  present  investigation  are  presented  in  figure  5  as 
a  plot  of  the  flutter-speed  ratio  as  a  function  of  Mach  number .  Data 
from  reference  1  are  also  shown  for  a  plan  form  having  the  same  sweep 
angle  and  aspect  ratio  as  the  present  wing  but  having  a  taper  ratio 
of  0.6.  A  low  damping  region  is  indicated  by  a  dashed  line  leading  to 
a  symbol.  The  paths  of  the  dashed  lines  are  indicative  of  the  tunnel 
operating  characteristics  during  the  runs. 

A  compilation  of  the  present  experimental  and  analytical  results 
is  given  in  table  III.  The  table  is  self-explanatory  with  the  exception 
of  the  second  and  third  columns.  In  the  second  column,  preceding  the 
dash  marks  are  the  run  numbers;  following  the  dash  marks  are  the  numbers 
which  designate  the  order  from  the  beginning  of  the  run  in  which  each 
data  point  occurred.  In  the  third  column,  the  following  letter  code  is 
used  to  identify  the  nature  of  each  data  point: 


Condition: 

The  start  of  a  low  damping  region  preceding  flutter  .  D 

The  start  of  sustained  or  definite  flutter  preceded  by  a  low 

damping  region . . . S 

The  start  of  definite  flutter  not  preceded  by  a  low  damping 

region  .  C 


Discussion 

From  Mach  numbers  O.85  to  1.05  (fig*  5)  the  flutter-speed  ratio  of 
the  present  wing  remained  approximately  constant  at  a  value  of  about  1.05* 
Above  a  Mach  number  of  1.05,  the  flutter-speed  ratio  increased  with  Mach 
number  to  a  value  of  about  1.44  at  a  Mach  number  of  1.54. 
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Comparison  of  the  data  of  reference  1  with  those  of  the  present 
investigation  (fig.  5)  indicates  that  a  change  in  the  taper  ratio  from 
0.6  to  1.0,  for  a  45°  sweptback,  aspect-ratio-4  plan  form,  has  very 
little  effect  on  the  flutter-speed  ratios  at  subsonic  Mach  numbers.  At 
supersonic  Mach  numbers  the  increase  in  taper  ratio  resulted  in  decreases 
in  the  flutter-speed  ratio;  the  percentage  decrease  in  flutter-speed 
ratio  increased  with  Mach  number  to  a  value  of  17  percent  at  a  Mach 
number  of  1.34. 


CONCLUSIONS 


The  results  of  an  investigation  of  the  transonic  flutter  charac¬ 
teristics  of  an  untapered  wing  plan  form  having  45°  of  sweepback  and  an 
aspect  ratio  of  4  have  indicated  the  following: 

1.  The  flutter-speed  ratio  remained  approximately  constant  at  a 
value  of  about  1.05  at  Mach  numbers  from  0.85  to  1.05. 

2.  Above  a  Mach  number  of  1.05,  the  flutter -speed  ratio  increased 
so  that  the  value  at  a  Mach  number  of  1.34  was  approximately  1.44. 

3.  Comparison  of  previous  results  with  those  of  the  present 
investigation  indicates  that  changing  the  taper  ratio  from  0.6  to  1.0, 
for  a  45°  sweptback,  aspect-ratio-4  plan  form,  results  in  reductions  of 
the  flutter-speed  ratios  at  supersonic  Mach  numbers ;  the  reduction  was 
about  17  percent  at  a  Mach  number  of  1.34. 


Langley  Aeronautical  Laboratory, 

National  Advisory  Committee  for  Aeronautics, 
Langley  Field,  Va. ,  December  1,  1955« 
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TABLE  I.-  GEOMETRIC  PROPERTIES  OF  MODELS 


NACA  section  (streamwise)  .  65A004 

.  4 

,  deg .  45 

A .  1.0 

Ag .  1.57 

Span,  ft .  1.166 

l,  ft .  0.648 

b,  ft .  0.103 


TABLE  II.-  PHYSICAL  PROPERTIES  OF  MODELS 


Parameter 

Wing  number 

1 

2 

3 

xea>  Percent  chord 

42.5 

not  measured* 

not  measured* 

xCg,  percent  chord 

44.8 

--do— 

Do. 

m,  slugs/ft 

O.OO677 

--do-- 

Do. 

*a 

0.05 

— do-- 

Do. 

a 

-0.15 

—do— 

Do. 

r  2 
ra 

0.25 

—do— 

Do. 

6hp 

0.007 

0.008 

0.005 

fhl,  cps 

42.3 

41.2 

41.7 

fh2’  CP8 

240 

241 

242 

ft,  cps 

376 

380 

375 

CPS 

374.4 

378.4 

373.4 

(fhl/fa)2 

0. 0128 

0. 0119 

0. 0125 

(f  h2/f  a)  2 

0.4109 

0.4056 

0.4200 

*The  values  of  the  tabulated  parameters  xea  to  ra 2  inclusive  of 
wings  2  and  3  were  assumed  in  the  reference  speed  calculations  to  be 
equal  to  those  of  wing  1. 
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-Clamping  block 


—  2  holes  0.11!)  dlam. 
1  hole  0.140  diam. 

-ISO  holes  0.221  dlam. 

-  27  holes  0.100  dlam. 


- - 3.50 - 

.20 —  10  holes  spaced  0.30  apart- 


□  24  ST  aluminum 
■  Rubber  compound 


Section  A -A 
(65A004  airfoil  section) 


— c 


Fuselage  to  support  model  In  tunnel 


Figure  1.-  Sketch  of  model  wing.  All  dimensions  are  in  inches. 
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Figure  2.-  A  photograph  of  a  model  wing.  L— 87869 


asured  torsional-  and  bending-stiffness  distribution  along 
T-chord  line  of  three  wings  similar  to  the  tested  models. 
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